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^82 Am-NOJIYPOrilYST.AL Hormonfs, AND UliLATID'SunSTANC’FS [C hap. 66] 

TREA TMENT: OF A MALE PITUITARY DWARF 



CHRONOLOGICAL 

AGE (years) 16 t? 18 19: 20 21 22 23 2A 
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Figure 66-1. Treatment of a 'patient • with'pituitary dwarfism with' human ’-growth hormone during 
replacement therapy with thyroid, cortisone, and testosterone. (Modified from Ruben, 1962b. 
Courtesy of the New England Journal-of'Medicine.) 


To select those cases of short stature that are 
caused by. deficient growth: hormone, it: is necessary: 
to: measure the growth hormone in the scrum and 
to: determine whether there is an appropriate re¬ 
sponse to a provocative stimulus. A requirement:for 
therapy with growth hormone is based on theclinical 
findings and failure to respond to two or more pro¬ 
vocative stimuli for secretion of'the hormone. Once 
initiated, therapy should he evaluated for 8. to 12 
months for the expected acceleration: of'growth. If 
therapy is successful! it should ideally be continued, 
throughout childhood, and sex hormones, if heedbep' 
should be withheld until the possibilities of jju^re¬ 
sponse to: growthi hormone have been; fully realized 
or until deemed necessary: 

Undesirable side effects and complications are 
notably lacking; pain and swelling at sites;of injec¬ 
tion, allergic reactions,,nndichronic illieffects' do nol 
occur even: when serum antibodies can be sliowiu 

Unman growth hormone'is-currently, available im 
the United States only for treatment programs that; 
include research eflbrts. It,is obtained from the Na¬ 
tional Pituitary Agcncv ol the National Institutes of 
Health, Belhesda. Maryland! upon approval of its 


Medical Advisory, Committee. Hbrmone is,supplied 
for a specific patient, and with:yearly reapplicatibn 
the supply is usually committed until the patient 
attains a height of 5 ft:,It'is estimated that the avaib 
able supply of hormone is: sufficient for treatment 
of only- 1 0% ofijhc hypopituitnry children in the 
United StRtcsY'Ajtq>tTIHoiogjsts should cooperate by 
sending lumjarfp it ui tar ies: obtained at post-mortem 
examifyutfon t<i the National! Pituitary Agency: 



PROLACTIN 

Despite r wealth of inlbmiation about the 
nature and role of prolactin in a wide variety 
of species, unequivocal evidence for the ex¬ 
istence of! the hormone in: man was obtained 
relatively recently; {see Franlz e( a!., 11972). 
It is now appreciated, however, that prolactin 
plays am important role in normal human 
function and im certain pathophysiological 
states. 
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AoHNonYiroruvsHAL Hormones and Rriaikd Substances 


[Chap. 66) 
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1974; Boston Collaboralive Drug Surveillance Pro* 
gram. 1974; Heinonen et.ai.,, 1974). 

Ovary: The effects,of prolactin on the ovary are 
species depend on I.. While the hormone lias in the 
past;alsn been referred!to as liucatropin, this descrip¬ 
tion was based om observations- on rats and mice, 
hi these species prolactin can prolhng the life of the 
functioning corpus Ihlcum. but it probablydoes not 
llnlfill the role:of a true luteotropib hormone. Nota- 
bly. prolactin will 1 not stimulate progesterone bio+ ^ 
synthesis by corpora, lulca from a: variety of species. 
including.rats-Dec Doifman, 1972). It may, however, 
function to promote: the luteal I synthesis: of choles¬ 
terol! the steroidal precursor. In contrast; luteinizing 
hormone is uniformly effective in stimulating pro¬ 
gesterone synthesis. Surprisingly, recenti evidence 
suggests that live sharp rise in prolactin secretion 
seen during procstrus in the rat may be responsible 
for luteniysis; of corpora lutea formed diiring the 
previous: cycle (Mcitbs: ct. ah,, 1972). 

Significant effects 1 of prolactin on the human ovary-; 
are not knowfi. arid large variations of plasma pro- 
lactiry concentrations are not apparent at different 
staged of thd menstrual cycle. 

l4olactin Secretion. Refined assay techt- 
nics not only have been instrumental in the 
identification and purification of human pro¬ 
lactin hut also have allowed exploration of 
physiological., pathologicall and pharmaco¬ 
logical! influences on prolactin: secretion (see 
Frantz ct ah , 1972;. Fricscn, 1973); 

Hie normal human plasma concentration 
of prolactin approximates 5 to HO ng/m! and 
is essentially the same in males and females. 
Prolactin concentrations; rise markedly dur- f 
ing pregnancy, reaching aimaximum at term. \ 
In-nil rising.mothers .prolactin secretion is criti¬ 
cally controlled by the sucking stimulus or 
breast manipulation. Prolaclimconcentration! 
can: rise 10- to 100-fold within 30! minutes of 
stimulation. Other stimuli for prolactin se¬ 
cretion inchidc psychic and physical stress, 
insulin-induced hypoglycemia, and high 
doses of estrogens. Interestingly, hypertonic^ 
ity results in lhrge elevations of pUisma pro¬ 
lactin (iBuckinan and Pbake, 1973). Future 
work should reveal whether any physio¬ 
logical significance is attached to this phe¬ 
nomenon or if it represents an, undiscardcd 
heritage of the water-drive factor... 

Secretion of prolactin by the pituitary is; under 
predominantly negative control by. the hypoihalh- 
miiR. Thus, a prolactini release inhibiting hormone 
(PRIM!) is secreted tonically by the hypothalamus 
and 1 is carried bv. die hypodialamicoadenohypophy- 
sealiporlal system to tlie adbnohypophysis, where it 
inhibits; prolaclim secretion. There is; considerable 
evidence that the release of PRIM! is under adren¬ 


ergic (dopaminergic)! control, or that! PRIM might 
even be dopamine (MacLeodsnit LfftiheyCr;: 1974)j 
Thus, the adhrinistration dfiicvodbpa in vit o inhibits^ 
prolactimsecrelioni and dbpamine is a highly;effec¬ 
tive inhibitor when instilled intotItG third ventricle 
or when applicd_to. the isolated pitnitilry ini vuro 
Predictably, tlie phenothiazine and! butyrophcnonC 
antipsycHolics (eg.;, chlorpromnzine. haloperidol). ' 
which are dopamine antagonists, enhance prolactin 
secretion, as cam reserpine and a-mcthyldopa. Tlhe 
aniipsvchotic a gents can c aus e si gnifiesnt ga 1 actor- 
rhea associated with elevated plasma prolactin con¬ 
centrations. 

Functional disorders: of the hypothalamus 
(Chiarii-Frommel, syndrome) and dbstnuctive or in¬ 
filtrative disorders of the hypothalamus on pituitary 
stalk can also cause prolactin secretion and galactor¬ 
rhea: if there is interference with die tonic inhibitory 
hypothalamic influence. Pituitary overseoretion of 
prolactin, often due to* functional tumors (Forbes- 
Albright syndrome), is, also known. However, in 
none of these conditions, is there strict: correlation 
between plasma prolfactin concentration and! the 
presence or severity of galactorrhea. 

Suppression'of! galactorrhea by administration!of 
levodbpa has been attempted withi variable success 
(Turkington. 1972): Some patients who respond ini¬ 
tially become refractors' to the drug. More promising 
clinical results have been achieved with ergot deriv¬ 
atives (Floss el, ah, 1973). Inhibition: of lactation in 
women suffering fronu ergotismi was observed! cen¬ 
turies ago.' This phenomenon has recently, gained! 
scientific crcdbnce with the discovery that ergot de¬ 
rivatives profoundly inhibit prolactin; secretion in. 
vivo-and in isolated pituitary preparations ;in vitro. 
Since the inhibitory effect .in vitro is antagonized by 
haloperidol, it is possible to hypothesize that ergot 
alkaloids activate the dopaminergic receptors that 
inhibit prolactin release. The experimental 1 com¬ 
pound that lias;shown significant clinical promise is 
Z'T^rmnofn-ergpkryptine. An additional! finding, of! 
potehrial significance is tliht this compound can 
markedly suppress the growth of prolactin-secrcting 
pituitary tumors (Quadri el ah, 1972). 

Assays. The classical procedure -for bioassay, of 
prolactimis bascdion the original work ofiRiddle and 
associates (1933:)i namely,, the increase in weight of 
the crop sacs of doves and pigeons Other! methods 
are based on the induction of secretory changes in 
the suitably, prepared mammary gltinds of guinea 
pigs and rabbits As mentionedlabove. radioimmuno¬ 
assays have proven invaluable. A ladioreceptor 
assay that utilizes a membrane receptor preparation 
isolated from rabbit, mammary glhndv should! also 
be useful to assess, biological activity (Shin ct ah. 
1973);. 

(Inman Placental Lnclogcm Preparations from 
the human placenta contaimgrowth promoting and 
lactogenic activity (;vee Fukushima. 1961); Jnsiino- 
vich and MacLaren (1962) showed that such extracts 
cross-reacted with antisera to human growth hor¬ 
mone. Purified pieparations caused a'ilocal response 
in the crop'sac of the pigeon and maintained life 
function of the corpora lulca of rats buticauscd little 
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PROLACIIN 


Prolactin is widely. distributed! in Ihe pituitariesiof 
vertebrates; it. lias beeni found wherever sought in 
the pituitiuies of mammals-, birdk, reptiles, and am¬ 
phibia, and litis, been: delected in ■ ;u lew species of 
fish. Among the amphibia, itihas a clbar-cul and very 
vttiking action in the newt Ditnms, aniactimnalmost; 
as rcinaiknblc as the mctamorphic one of thyroid 
hormone on tadpolbs. It transforms the terrestrial 
eft--a small, pinkquadruped found under rocks in 
the woods --into <i larger, dark-grccn, fisht-shaped 
creature with ai broad tail designed for swimming. 
Tile nnimall then takes to the water, its normal 
breeding habitat, which accounts fan die term 
water-drive fftcior. coined before:the active principle 
was equated with prolactin (Bern and Nicoll. 1968). 

The term prolactin was coined for the hormone 
responsible for the secretion of milk by the crop 
glands of the pigeon (Riddle era!.,, 1933). Ih this 
bird: there is a bilatcml outpouching of the esopha¬ 
gus and, prompted by the psychological concomi¬ 
tants of brooding, a glandular structure grows.within 
each pouch so that by the time of hatching: a thick 
secretion, the crop milk, becomes.available to each 
parent for regurgitating down the throats of the 
young. Hie response (d‘the bird is: a sensitive:one; 
it is; su flicienti for one partner to * see hismate sitting 
on the eggs for:his pituitary to secrete prolactin and 
provoke the growtlrof the crop glands. In so naming 
the hormone, the tenuous analogy between the 
mammary gland and the crop' sac was correctly 
dfawnibecause it later was clear that prolactimis.also 
of importance in initiating secretibn from the breasti 

Chemistry. The difliculty in isolating,human pro+ 
lactim is attributable to the facts that growth hor¬ 
mone is very similar in: structure, possesses signifii 
cant Ihctogenio activity in conventional bioassays for 
the hormone, and is present in human pituitariesnn 
quantities far in excess of prolactin. (However,, re¬ 
fined bioassay technics permitted verification of the 
existence ofihuman prolactin (Frantz and Rleinbcrg. 
1970), and the technic of affinity. chromatography 
permitted purification: of a primate prolactin and 
subsequent development inf aispecific rad ioinimu no- 
assay (Ciuydn and' Fricsen, 197.1;; Hwang et ai, 
197 l')i Progress in the purification, chemistry, and 
phvsiolbgy of human, prolactin has been rapid since, 
these advances. 

Amino acid sequence determination of the amino- 
terminal regiom of the hormone (residues. I -50) has 
revealed approximately 257 identity and 507 ho¬ 
mology with human growth hormone. There is high 
conservation of structure between, human and ovine 
prolactin (80-7- identity), at lbast in this region, and! 
the structure of the human hormone undoubtedly 1 
resembles clbsely that of sheep (Nlall et ah, 1973). 

Ovine prolactin has been characterized exten¬ 
sively, since the pituitnries ofsheep are readily-avail; 
able and constitute a very- rich source (ILi et ai, 
1970), The general structural 1 features are very' simi¬ 
lar to those of the 1 grow.thi hormones (Table 66-1); 
the proposed evolutionary relationship: of these: mol¬ 
ecules has been discussed above. As with the growth 
hormones, “isohormones" with presumed minor 
structural ditltrences can be detected by electro¬ 
phone sis. 
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Physiological Actions, Breast. The 
mammary glhndiis a site of immensely com¬ 
plex interactions, among a number of hor¬ 
mone s; with the majority of endocrine organs 
participating vigorously in the initiation and 
maintenance of lactation.. The hormones of 
the adrenal cortex, thyroid, and ovaries are 
all necessary., and their presence is depend¬ 
ent on the trophic hormones of tlie adeno¬ 
hypophysis. Insulin and perhaps growth hor¬ 
mone exert important anabolic influences. 

T he vital participation of prolactin completes 
the contribution of the anterior; pituitary, 
with all of! its major secretions at work. The 
role of oxytocin is considered in Chapter 42. 

The actions of prolactin on the mammary 
gland have been studied particularly in ex¬ 
plained rodent tissue. However,, investi¬ 
gations, of normal and aberrant prolactin 
secretion seenii to assure the existence of a 
comparable function in the human female. 
In systems in vitro , prolactin in the proper 
hormonal milieu can be shown to promote 
proliferation and subsequent .differentiation 
of mammary ductal and alveolar epithelium. 
There is a rapid increase in RNA synthesis 
and induction of the synthesis, of milk pro¬ 
teins and of enzymes necessary for lactose 
synthesis (Topper, 1970; Turkington et al:, 
1973). At the subcellhlar level, activation of 
the development of rough endoplasmic re- 
ticuiuni, Golgi apparatus, and. secretory 
granules is prominent. 

These “mammotrophic’ actions of prolactin sug¬ 
gest a possible rolfc of prolactin in mammary tumori- 
genesis. Prolonged prolactin, administration, the 
grafting of extra pituitnries, or experimental lesions 
ih the median eminence that cause increased pro¬ 
lactin i secretion all result in a high percentage of 
mammary tumors in susceptible rats and mice.. Fur¬ 
thermore, estrogeni will not produce tumors in the 
absence of the pituitary; howev er,, in rats treated 
with carcinogens,,prolactin promotes lumorigenesis 
im the absence of estrogens or proges-tins; Eurtheri- 
more, drugs: that enhance prolactin secretion (eg, 
reserpine, halbperidoll-see below): facilitate experi- 
mentalltumor growth, while those that inhibit secre¬ 
tion (eg., ergot derivatives) impede growth and re¬ 
duce the incidence of spontaneous tumors ih rodent 
models, {see Mcites et ah, 1972; McMahon et ai, 
1973). Extrapolation between highly susceptible 
strains; of rodents; and man is obviously of ques¬ 
tionable value, but these observations may provide 
additional explanations,for the efTbolivcness of hor¬ 
monal, therapy of breast tumors, They- may alko 
relate to reports of the increased incidence of breast 
cancen among women who have been treated with, 
reserpine for hypertension (vtr Armstrong, et ai. 
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growth in hypophyvcctoinizcd animals; tlic active 
principle was named placental Uutogeth Friescn 
611965, 1966) purified the protein to homogeneity and 
demonstrated that it was strikingly lactogenic in 
pseudopregnant rahbits. 

The chemical similarity ofithe substance to human 
growth hormone was; shown by .Sherwood (:l967), 
and the complete amino acid sequence has been 
clhcidated by Nialllaiul associates (1971) and 1J and 
cowoikers (I973)i I he resemblance to growth hor¬ 
mone was amply confirmed by these studies, since 
bothi hormones contain 191 amino:acids that! differ 
ih'only. 32 positions The greater similarity of amino 
acid sequence in human placental liiclogen and 
human gjowih hormone than.in human and bovine 
growth hormones suggests;a later evolutionary ap¬ 
pearance of the placental, lactogen. Its: significance 
is, however, largely, unknown Because of its resem¬ 
blance to growth hormone, the unwieldy name chori¬ 
onic somatomammotropin is also: in use. 

GONADOTROPIC IIORMONFS 

The pituitary gland plhys an important 
part im the regulation of gonadal function 
throughout the vertebrate phylum; but the 
fullest understanding of the mechanisms 
involved! has: been achieved among the 
mammals. In this class: there are striking 
species differences, with remarkable special¬ 
ization in some as well as a certain uniform¬ 
ity among others, permitting the formulation 
of general principles. The adenohypophysis 
is physiologically, and anatomically, so: situ¬ 
ated that it can mediate neural messages:that 
arise from the environment! as well as inter¬ 
cept humoralisignals from within. If can reg¬ 
ulate such diverse phenomena as the annual 
growth and regression of the gonads of 
monestrous mammalfe im response to the 
changing length of daylight, the release of 
ova in the rabbit 10 hours after mating, and 
the reinitiation; of follicular growth wliern a 
corpus lutciun fails for tack of successful 
impregnation. 

For over 40 years;it has been known that 
two gonadotropins are involved, and if seems 
a general rule among mammals that follicu- 
Ihr growth ami i development on the onc liand 
and ovulktion and the formation: of a corpus; 
lUteunv on the other are separately con¬ 
trolled. T hese same substances.stimulate, re- 
specfively, the germinal dementis of the testis; 
and the androgen-secreting Ley-dig; cells of 
tlie interstitial tissue. In the regulation of the 
function of the corpus In t cum, several iadupia- 
tions have arisen. In some species luteinizing 
hormone serves as the luteotropin. in others 


prolactin plays; such a role, while in several 
species the:uterus is somehow involved; Dur¬ 
ing pregnancy the pituitary seems essential 
in some animals, while in most it is dispen¬ 
sable;,lutcalifunetion may be autonomous, as 
in the licrbivora, or regulhtedl in part by a 
placenta! llileotropin, ns in man. 

Until very recently the functions of the 
gonadotropins in man were largely inferred 
from information derived from oilier manu- 
nials. Direct observations on Human beings 
of the effects of gonadal hormones and their 
analogs and human gonadbtropins have 
givenibetter understanding and have opened 
new therapeutic approaches to the disturb¬ 
ances of human reproductive function. 

Chemistry. The four gonadotropins conn 
sidered here (two of pituitary and two of 
placental origin); are folllcle-stimuhiting hor¬ 
mone (FSH), luteinizing hormone (LH). 
chorionic gonadotropin (CG), and the go¬ 
nadotropin of pregnant mares' serum. The 
gonadotropins, with thyrotropin (TSH), con¬ 
stitute the glycoprotein group of hormones, 
and their similarities and general chemical 
features have been mentioned 1 above (see 
Table 66-1); 

Follicle-stimulating hormone (F57/) is the least well 
characterized of the pituitary hormanesiand the only 
one for which detailed information on amino acid 
sequence is; not known. However, it is known that; 
the human hormone consists of nonidenticall non- 
covalently linked subunits (Saxena and Rathnam. 
1971); While the nt subunit of FSH is significantly 
dilferent from that of LH or TSH (PapkofT, 1972). 
there is evidence that! the FSH a subunit can com¬ 
bine with the ft subunit of! chorionic gonadotropin 
withi restoration of chorionic gonadotropin activity 
(Reichert., 197.2). 

Luteinizing hormone (LH) j also called interstitial 
cel!-stimulating hormone, more closely resembles 
TSH in its physical properties and chemical consti- 
tutiom than it dbes FSH. Ovine LH-a is.identical to 
bovine TSH-rt,,and the ft subunits show considerable 
homology. Considbrahie progress has been made 
with human I II, and the amino acid sequences of 
both « and /f subunits have beem reported (Sairam 
el a!:, 1972;; Shome and Par low, 1973). Approxi¬ 
mately 70 % of the amino acid residues of both sub¬ 
units are identical to the corresponding portions of 
the ovine hormone (Liu et al., 1972a. 1972b). Many 
differences are explicable by a single DNA base 
change. Human: LH-/? is even more similar to a 
major portion of the /? subunit of Human chorionic 
gonadotropin, although the latter: has a 30 amino 
acid 1 carboxyl-terminal segment that is not present 
in human LfL/?> 

Human chorionic gonadotropin (HCG) is prepared 
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